Abstract. A genetic analysis of alcohol consumption in 3810 pairs of adult twins is reported. When no correction was made for age, individual environmental variance, including non-repeatable errors of reporting, accounted for approximately 44% of.variation in both sexes. In(emales, there was no evidence of shared environmental effects and 56% of the variance was genetic in. origin. In males, only 36% of the variance was genetic and common environmental effects accounted for the remaining 20% of individual differences.
INTRODUCTION
The existence of large variations between people in the use of alcohol has long been established and although a number of studies have investigated the contribution of genetic and environmental factors to variation in alcohol use, the results show little agreement.
Perry (21] in America, in a study of 84 pairs of twins, ~oWld a substantial heritability of 0.56 for the amoWlt of alcohol consumed per week. In contrast, Conterio and Chiarelli (7] , studying drinking behaviour in a sample of 77 Italian male twins, fOWld that MZ twins were not significantly more alike than DZ twins 'with respect to a drinking/nondrinking dichotomy or a wine drinking/wine non-drinking dichotomy. Also, there waS no difference between MZ and DZ concordance for quantity of wine consumed. While both these studies were based on small samples,larger studies ha~ also failed ~o give conclusive results.
Partanen et al (19] studied drinking behaviour in 902 pairs of Finnish male twins aged between 28 and 37 years and derived three measures of alcohol consumption based on a factor analysis of drinking items. The first, Density, measured the frequency of alcohol consumption. The second, Amount, measured both the quantity of alcohol consumed and the duration of drinking during the last reported drinking occasion. The third, Lack of Control, measured the individual's control over his consumption. The results showed that genetic factors were an important determinant of a person's drinking behaviour, the heritability estimates for Density and Amount being 0.39 and 036 respectively. Lack of Control had a lower heritability of 0.14. An interesting difference was fOWld in the comparison of younger (28-33) and older (34-37) pairs. The heritabilities were much higher for younger than older twins for both Density {0.52 vs 0.31} and Lack of Control {054 vs -0.07}. The heritability fo'r amount was 037 for both 'age groups.
Kaprio et al (14] , in a study of 5044 Finnish male twins aged 18 and over found a heritability of 051 for alcohol use. However, when they analysed the data separately for 10 year age cohorts, the heritability was close to zero for those older than 60. These results and those of Partanen et al [19] suggest that age is an important factor which needs to be considered in genetic studies of drinking behaviour.
Different results for the causes of variation in drinking behaviour are also obtained when one considers males and females separately. CederlOf et al [3] in Sweden studied alcohol consumption in 13000 pairs of twins and fOWld higher concordance rates in MZ and DZ twins for drinking and particularly for excessive drinking, but that this higher concordance was much more pronoWlced in females than males. Clifford et a1 [6] , in a study of 399 English twin pairs, fOWld that genetic influences seemed to be important in alcohol consumption in both males and females. Howe~r, in females there was also evidence of a competition effect, the consumption of one twin, whether high or low, apparently influencing the other twin to drink in the opposite manner.
Overall, the results of these various studies suggest that there are genetic factors contributing to variation in alcohol consumption but that their importance depends on the age and sex of the individual.
We report here some preliminary results from one of the largest twin studies of alcohol consumption. Our results support the conclusion that genetic factors are important to variation in consumption but that there are differences in the relative contribution of genetic and environmental influences depending on age and sex.
METHOD

Sample
The: sample: comprise:d 3810 pairs of twins from the: Australian National He:alth and Me:dical Rese:arch Council Twin Registry. The sex, zygosity and age distribution of the sample is shown in Table l . The twins were participants in a postal questionnaire study of drinking and smoking behaviour. sleep patterns, general health, personality and attitudes. Pilot prestudy responses. which can be used to test the repeatability of the measures, are also available for 96 individuals. Only items relating to alcohol consumption will be analysed here. The sample and method of zygosity diagnosis have been described in detail elsewhere [12] . . 
Measures
The items relating to alcohol use from the entire twin questionnaire are given in the Appendix. We have looked at two measures of alcohol consumption based on these items:
1. Normal weekly alcohol consumption. based on items 35-39 we have calculated an average of weekly alcohol consumption which reflects usual drinking beha viour.
Alcohol consumption last week
. based on item 40 we have calculated the actual amount of alcohol consumed over the course of the previous week. Both these measures were calculated as the total number of standard drinks (beer, wine, spirits, etc) consumed. A comparison of these two measures ~ows us to assess the variability of consumption and/or response.
RESULTS
Scaling
In a genetic analysis it is most appropriate to chose a scale of measurement where there is no genotype-environment interaction so that genetic and environmental effects are additive. Jinks and Fulker [13] showed that certain types of genotype-environment interaction co'uld be detected by regressing the absolute differences of MZ pairs (a measure of individual environmental differences -Ed on their pair sums (a measure of genotype (G) and/or family environment (El ) ). Martin .and Eysenck [17] showed that such interactions could be detected with great sensitivity but they could nearly always be removed by a transformation of the scale of measurement which lessened departures from normality. Both raw measures of alcohol consumption show significant and substantial linear regressions and these are considerably reduced by logarithmic transformation (Table 2) . Although this results in an increase in the quadratiC components, other transformations [log 10 (x + 3) or loglO(loglO(X + 1) )] gave no greater improvement so we regard this transformation as most appropriate. The significance of the DZ regressions will be discussed later. In most cases, transformations have a negligible effect on the results of fitting models to variance components, but when there are extreme deviations from normality, as for the measures of alcohol consumption, the results may differ markedly (17] . Conse· quently, our genetical analysis will be based on the log transformed measures of alcohol consumption.
Sampling
An asswnption fundamental to the twin method is that MZ and DZ twins have been drawn at random from the same population and we can test this by comparing the subgroup means and variances. Although for the raw scores, the variances of both conswnption measures are Significantly greater in MZ than DZ females, and the variance of normal weekly conswnption is significantly greater in MZ than DZ males, these differences all become non~ignificant after transformation. The means of both conswnption measures are, however, significantly greater in males than females (Table 3) , which confirms previous results from surveys of alcohol conswnption in Australian samples [1, 23] . Males also have a greater variance in consumption than females. These results are identical for both the raw and transformed scores. In both males and females the two measures of conswnption correlate highly for both the raw scores (0.70 in females, 0.82 in males), and the transformed scores (0.83, 0.86), but normal weekly consumption tends to provide a lower estimate of alcohol consumption than consumption last week.
Since the purpose of a genetical analysis of twin data is to make inferences about the causes of variation in the population, it is also important that twins are comparable with non-twin subjects. As a result of the Australian Bureau of Statistics survey of drinking and smoking habits carried out in 1977 [1] , information about the alcohol conswnption patterns of Australian adults aged 18 years and over is available, although it is known that such survey estimates of co"nsumption Significantly underreport estimates-or alcohol consumption based on sales statistics [11 ,20,22] . A comparison of the stated daily alcohol consumption of the twin respondents (calculated from conswnption last week) with expected conswnption based on ASS [1] data showed that our male twins had similar drinking patterns to the general population (fable 4). However, our female twins showed a greater proportion of drinkers than the national average (Table 4) , although this difference may reflect a change in drinking habits over the three years since the ABS [1] data were collected.
Repeatab ility
Prior to mailing the questionnaire to the entire adult sample, a pilot questionnaire had been mailed to 100 pairs of adult twins in order to assess likely response rate and any problems in construction of the questionnaire. Only minor changes were made to the final questionnaire as a result of problems observed in the pilot one and when it was mailed some months later, 96 responses from the origirfal pilot sample of 200 were obtained. We have used these duplicate responses to assess the short-tenn repeatability of the alcohol consumption measures.
Analysis of the alcohol consumption of the 96 individuals who completed both the pilot and main questionnaire (Table 5) shows that, although they were typical of the total sample in distribution of age, they were somewhat atypical in their consumption patterns. For both the raw and transformed scores, both males and females have higher normal weekly consumption and lower consumption last week than the total sample. Also, for both sexes, the variance of the two alcohol measures is greater in the pilot sample than the total sample, and this is more pronounced for the measures of normal weekly consumption.
Separate analyses of variance of the alcohol conswnption measures to obtain mean squares between (MS b ) and within (MS w ) enabled calculation of repeatabilities (intraclass correlations) as ~ = (MS b -MSw)/(M~ + MSw).ln both males and females, conswnp- Table 5 and these are estimates of the portion of the total variance which is ° unrepeatable and will include measurement error. For both measures of consumption, S; is higher in males than females.
Correlations with Personality Variables
Twins also completed the Eysenck Personality Questionnaire [10] , the Delusions-Symptoms·States Inventory [2] and the Conservatism Scale (C·Scale) developed by Wilson and Patterson [25] . To improve the properties of the scales, extraversion, PSYchoticism, neuroticism and lie scores were all transformed to angles, and anxiety and depression were subjected to logarithmic transformation. Conservatism scores were untransformed. The partial correlatiOns, controlling for age, between the measures of alcohol consumption and the transformed personality and attitude scales are shown in Table 6 . Individuals with higher levels of consumption tend to be more anxious, depressed, extraverted, psychotic and neurotic, and score lower on the lie and conservatism scales. These results are similar to previous studies which have demonstrated a relationship between alcohol consumption and extraversion (15, 19] , anxiety [19, 24] and neuroticism [15, 19] .
Genetical Analysis
Alternative models of trait variation are fitted to between-and within-pairs mean squares by iterative weighted least squares [4, 8, 9] . A chi-square test of goodness of fit, based on expected mean squares calculated from the least-squares parameter estimates, provides a test of the adequacy of each model. Where there is a sex difference in means, the within-pairs mean squares (WMS) of DZ opposite-sex pairs is inflated by an amount (n/2) (M -F)2, where there are n pairs, M is the male mean and F the female mean. Significant sex differences in means were found for both measures of consumption (Table 3) and we corrected for this by cal-
Where a variable is strongly age dependent, this inflates the between-pairs mean square (BMS). The linear and quadratic age correlations with the log ° transformed measures of normal weekly consumption (-0.04 and -0.05 in females, -0.05 and .() .07 in males) and consumption last week (-0.06 and -0.07, -0.06 and -0.08) are Significant in every caose but are not substantial, so we have not corrected for this age dependence. The mean squares for the consumption measures and their degrees of freedom, both corrected for sex differences, are shown in Table 7 . Examining whether twins become more or less similar with age by correlating absolute Within-pair differences with age results in small and non-significant correlations for both measures of consumption. This indicates that if environmental circumstances of co-twins become more different as they get older, these do not appear to produce any greater differences in alcohol consumption.
A simple model for the possible sources of variance contributing to mean squares from a twin study is shown in Table 8 . El is environmental variance within-families, specific to the individual and shared with no one else, not even members of the same family. It also includes measurement error. El is environmental variation shared by co·twins but differing between twin pairs and will include cultural and parental treatment effects. VA is the genetic variance due to the additive effects of genes in the absence of (Table 2) showed that DZ regressions were no greater than their MZ counterparts. Because this test has proved powerful in detecting genetical non·additivity for other traits in much smaller samples [4, 18] , we conclude that directional non·additivity is not an important source of variation in alcohol consumption. A sensible hierarchy of models is to first fit El alone. Failure of this most simple model will indicate that there is significant between families variation to be explained. A model including both El and E2 will test whether the between families variation is entirely environmental in origin, while the E, VA model will test whether it is entirely genetic. If both two parameter models fail, then a model including all three sources of varia tion (E 1 El VA) may be tested.
Models are first fitted to the mean squares for males and females separately and then to all eight statistics together. A chi-square to test the heterogeneity of fit of a given model over sexes can then be calculated by adding the separate chi-square values for males and females and subtracting from the corresponding chi-square for the combined male and female data. If there is no significant heterogeneity, then we may proceed to fit the model to all ten mean squares including those from the DZ opposite-sex twins. If the heterogeneity is Significant, then different models must be considered for males and females. As, in fact, different models were appropriate for the two sexes, the results of fitting these models to mean squares for normal weekly consumption and consumption last week are shown for males and females separately ( Table 9) . hi every case, a model (Ed postulating that all variation was due to individual environmental experiences failed badly and is omitted from the summary table.
For both measures of consumption in females, the E, VA model is most appropriate, while in males the EIE2 VA model provides a better fit. Inspection of the parameter estimates also reveals that there is a larger El component for males than females but a similar estimate of VA in both sexes.
A model which specifies a common VA parameter, an El component in males and different sized El effects in males and females has been described and illustrated previously [9] . The various terms are derived as usual except that the effects are defmed separately for males and females. The result of fitting this model to the two measures of consumption is shown in Table 10 . In both these measures about 55% of the variation in consumption between females and 36% between males is due to the additive effects of genes. In males, approximately 20.,. of the variation is due to environmental influences shared by brothers, but there is no evidence of family environmental factors influencing alcohol consumption in females. We may also subtract the values of S~, obtained from the repeatability data, from the estimates of E, and so estimate the proportion of total variance due to non-repeatable "error" and that due to repeatable individual environmental differences (Table 11 ).
Comparison of Older and Younger Pairs
Since the results of previous studies {l4, 19] had indicated that the relative contribution of genetic and environmental factors to variation in alcohol consumption might depend on the age of the individual, we decided to fit models separately for older and younger pairs. We divided the twin pairs into two groups, those 30 and under, and those over 30. Just ,:is before, models were first fitted to the mean squares for males and females separately and then to all eight statistics together, models were fitted separately to those 30 and under and those over 30, and then to all eight statistics combined. The results of fitting these models to normal weekly consumption and consumption last week are shown in Tables 12 and 13 .
Although for both measures of consumption in females, .the El VA model gives an excellent fit to the data in both younger and. older twins, there is significant heterogeneity of fit o~~r age groups for both normal weekly consumption(x~ = 31.49; P < 0.001) and consumption last week (~ = 6.79, P < 0.05). While at least some of this heterogeneity is due to an increase in variance with age affecting El and VA equally for normal weekly consumption, and VA for consumption last week, it does suggest that the relative contribution of genetic and environmental factors to total variation is dependent on age. The effect of age is even more striking in males. For both measures of consumption, the El VA model gives a good fit to the data in younger twins, while for older twins the E 1 El model is most appropriate. The effect of El also increases with age along with this decrease in VA and increase in El . While these results suggest that age-dependent effects are important, it will be necessary to model these effects more precisely in a pedigree analysis of raw scores [9] before we can make any conclusion concerning the change in the relative contribution of genetic and environmental factors with age.
DISCUSSION
The preliminary results of this study suggest that the relative contribution of genetic and environmental factors to variation in alcohol consumption is dependent upon age and sex.
In females, when no correction is made for age, approximately 55% of the variation in consumption is genetic in origin with the remaining variance due to individual environmental differences. In contrast, in males only 36% of the variance is genetic in origin, with approximately 20% of the total variation due to common environmental influences shared by brothers. That the heritability of consumption is higher in females than males replicates a previous finding [3] .
For females, the results for older and younger twins are similar, some of the hetero· geneity over age groups being due, no doubt to an increase in variance with age. For males, however, the effect of age is striking. In younger male twins over 6OOt. of the variance is genetic in origin, with the remaining variance due to environmental influences unique to the individual. In older twins, however, genetic differences do not appear to be important, with approximately 50% of the total variance due to individual environmental differences and the remaining 50"1. due to the effect of common familyenvironment. Obviously, our breakdown of the sample into older and younger twins is rather arbitrary, although in a future paper we will. incorporate a pedigree analysis of t~ raw scores where age effects can be modelled more precisely. Plea8e note:
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